INTRODUCTION

40
Abalone are iconic benthic invertebrates that contribute to ecological health of the northern
41
Pacific coast kelp forests and serve as a food source for endangered sea otters Enhydra lutris.
42
California's wild abalone fishery flourished from the 1950s-1980s but was decommercialized in response to population declines from overexploitation followed by disease. Farmed abalone is of increasing economic significance. In 2008, it was estimated that over 129,000 metric tons of 45 farmed abalone was supplied to the world market (Cook 2016) .
46
Withering syndrome (WS) was first reported in mid-1980's at the Channel Islands, California and decimated black abalone (Haliotis cracherodii) populations (Haaker et al. 1992) . The absorption; animals wither as they lose body mass through catabolism of the foot muscle 58 (Gardner et al. 1995) .
59
In red abalone, H. rufescens, exposure to warm water events exacerbates morbidity and mortality 60 in two synergistic ways: it reduces nutritional content in feed, and is associated with increasing 
81
White abalone (H. sorenseni) were the first marine invertebrate species to be recognized as 82 federally endangered. Outplanting animals bred and raised in a captive rearing program is 83 considered the key restoration approach to increase densities quickly enough to reduce the 84 probability of extinction (Rogers-Bennett et al. 2016; Stierhoff et al. 2014 and Ca. Xc exposure (Figure 2 ).
190
Our analysis indicated that white abalone, exposed to Ca. Xc and elevated temperature were 10.9
191 times more likely to die than red abalone held in the same conditions (hazard ratio = 10.9; 95% of both species of abalone 12.5 times (hazard ratio = 12.5; 95% CI = 1.6-96.0; P=0.015).
198
Generally, under all conditions, white abalone had a risk of mortality that was 41 times that of 199 red abalone (hazard ratio = 41.0; 95% CI = 5.6-303.1; P<0.001).
The survival rate of red abalone in the current study, exposed to Ca. Xc with phage, was 36%
201
higher than the previous experiment, in which animals were exposed to phage-free Ca. Xc
202
( Table 2 ) (Moore et al. 2000) .
203
We evaluated survival at day 220, immediately prior to termination day in the 2000 Moore et al. inclusions in white abalone; this finding has not previously been documented (Figure 5 ).
256
Histological analysis at day 343 found Ca. Xc inclusions in tissue samples from the two groups:
257 elevated temperature, red and ambient, white abalone (Table 3) .
258
In concordance with the qPCR data, the exposed, elevated temperature, we observed nearly three 259 times as many classical inclusions and more than five times as many phage-variant inclusions 260 from the sample set of the red group compared to the samples taken from exposed, ambient 261 white group. Candidatus Xc inclusions in digestive gland tissue were only observed in the Ca.
262
Xc-exposed, elevated temperature, red abalone group.
263
DISCUSSION
264
White abalone, exposed to Ca. Xc and held in 18.5°C seawater, exhibited the highest mortality 265 rate and most pronounced clinical signs of withering syndrome among the experimental groups.
266
White abalone appear to be highly susceptible to WS infection and disease, even with current of 'natural' farm-associated transmission at a time point prior to the start of the study.
280
Additionally, the small histology subsample taken at day 161 from white abalone, held under 281 ambient conditions did not have inclusions. We speculate that phage presence may also have 282 extended the disease incubation period in the ambient groups.
283
From weight and length data, we can infer that the white group destined for Ca. Xc-exposure and . Comparing our results with those from that study strongly suggest that red abalone are 297 better able to withstand withering syndrome now than in years previous to phage presence.
298
Furthermore, red abalone, exposed to Ca. Xc with phage showed no difference in body condition 299 from their naïve counterparts, indicating that they were relatively unaffected by the pathogen in 300 this experiment. In contrast to the white abalone, in which we observed trends in body condition 301 and survival that appear to be directly related to Ca. Xc gene copy numbers detected by qPCR.
302
At the mid-point of the experiment, coinciding with the highest mortality rate and lowest body 303 condition index values, Ca. Xc-exposed white abalone in the elevated temperature group also 304 showed the greatest bacterial burden by qPCR. Despite any measured evidence in body 305 shrinkage in the red groups, at the end of the experiment, Ca. Xc-exposed red abalone in the 306 elevated temperature group had the highest pathogen gene copy and after day 300, the Ca. Xc-307 exposed, elevated temperature red group's mortality rate appeared to increase; this might be 
